We report some novel pyrazole derivatives taking 4-phenylcarbonyl-5-phenyl-2,3-dihydro-2,3-furandione, 1. For this, 4-phenylcarbonyl-5-phenyl-2,3-dihydro-2,3-furandione, 1 was reacted with benzaldehyde(2-or 4-fluorophenyl)hydrazone to give 4-benzoyl-1-(2-or 4-fluorophenyl)-5-phenyl-1H-pyrazole-3-carboxylic acid 2a,b. Pyrazol derivative containing 2-fluorophenyl group 2a was converted into carboxylic chloride derivative 3a by thionyl chloride and then the compound 4a was obtained from reaction ammonia with compound 3a.
The 4,5-disubstituted 2,3-furandiones in furandione derivatives which are extremely versatile synthons in heterocyclic chemistry are remarkable starting materials due to the fact that many heterocyclic compounds can be obtained from their high reactivity properties. They shows the ability to enter carbonyl, lacton and a,b-unsaturated carbonyl and thermolysis reactions depending on the reaction conditions and structures of the nucleophiles [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Practical synthetic methods, mechanism of the reactions as well as semi-empirical and ab initio calculations on the interaction of 4-benzoyl-5-phenyl-2,3-dihydro-2,3-furandione (1) with some ureas, semicarbazones, thioureas and anilides have been reported recently [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] The reactions of 2,3-furandiones with various phenylhydrazones and phenylhydrazine leads to pyrazole-3-carboxylic acid and pyridazinones [4, 9, [19] [20] [21] .
The pyrazole chemistry has been the area of much interest due to the importance of pyrazol derivatives for widespread potential. More especially, it has proven biological and pharmacological activities such as antiinflammator y, antipyretic, analgesic, antimicrobial, antiviral, antitumor, antifungal, pesticidal, anti-convulsant, antihistaminic, antibiotics, anti-depresant, and CNS regulant activities [22] [23] [24] [25] [26] [27] [28] [29] . More continued attention on the pyridazines has been received for improving medicinal drugs in relation with for blood pressure control like hydralazine, which has been used for many years in the remedy of essential hypertension [30, 31] . In continuation to our previous efforts [13, 14] , the nucleophilic and cycloaddition reactions between various N-nucleophiles and carbonyls with 4-benzoyl-5-phenyl-2,3-furandione which is novel bicyclic oxalyl compound were investigated, and synthesized. The new compounds shows their characterization studies and routes of synthesis. Reactions requiring anhydrous conditions were performed under argon. All solvents were freshly distilled under argon prior to being used. All other reagents were purchased from Merck, Fluka, Aldrich and Acros Chemical Co. and used without further purification. 4-benzoyl-5-phenyl-2,3-furandione (1) was also prepared according to the literature [41] and purified in our laboratory and kept in vacuo over P 2 O 5 .
Experimental part
An equimolar mixture of 1 (0.278 g, 1 mmol) and Nbenzylidene-N' -2-fluorophenyl hydrazine (0.214 g, 1mmol) was heated at 80°C in dry benzene (10 mL) for 5h. After the system had cooled to room temp., the solvent was evaporated under the reduced pressure. The formed crude product was crystallized from toluene. Yield: 0. 
Compound 2a (0.386 g, 1 mmol) and thionylchloride (1 mL, 13.8 mmol) were refluxed on a steam bath for 6 h. After cooling, the crude precipitate was isolated by filtration and recrystallized from a mixture of toluene / n-hexane C-3), 139.8 (C-5), 137.2 (N-PhF), 138.6 (C-Ph), 135.6,  133.4, 132.1, 132.0, 131.9, 131.4, 131.0, 130.4, 128.7 (CPh), 125.1 (C-4) 
4-Benzoyl-1-(2-fluorophenyl)-5-phenyl-1H-Pyrazole-3-carboxylic Acid n-Propyl Ester (5b)
Compound 5b was prepared by following the procedure for 5a by using n-propanol and 2a. Yield 
A millequimolar mixture of 2a and 2-nitrophenylhydrazine was refluxed in xylene for 5h. After the solvent was removed by evaporation, the oily residue was treated with diethyl ether and the formed crude product was recrystallized from methanol. Yield: 0.282 g, 56%, m. 
Results and discussion
Firstly, sequential treatment of 4-benzoyl-5-phenyl-2,3-furandione (1) with an equimolar of N-benzylidene-N' -2-fluorophenyl hydrazine or N-benzylidene-N' -4-fluorophenyl hydrazine in dry benzene for about 5h gave access to the formation of pyrazole-3-carboxylic acid derivative 2a and 2b, in approximately %30 yield, respectively, which are important starting materials in the synthesis of the target heterocycles [20, 21, 32] and were subjected to treatment of thionyl chloride [19] in order to give the expected 4-benzoyl-1-(2-fluorophenyl)-5-phenyl-1H-pyrazole-3-carboxyl chloride 3a in 80% yield while obtaining not isolated to 3b. The carboxyl chloride was then treated with concentrated ammonia solution to provide the corresponding amine derivative 4a (scheme 1) in satisfactory yield.
The moderate yield of the first step can be explained by the chemical behavior of furandione (1) towards H-active nucleophiles. The carbons C-2, C-3 and C-5 in furandiones are electrophilic sites having different reactivity and could be used for the formation reactions with nucleophiles [16, 33] . Concurrent attacks of H-active nucleophiles to both C-2 and C-3 positions of the furan moiety could convert furandiones into starting materials; these compounds are dibenzoylmethane and oxalic acid derivatives [34] . The by-products formed during this stage are removed by treatment of the raw product with diethyl ether. The reaction pathway from 4-benzoyl-5-phenyl-2,3-furandione 1 to pyrazole acid 2 is outlined briefly in scheme 2 and the compounds 2a and 2b were obtained according to the reported method [9, 14] and the structures are in agreement with the reported data.
Experimental part
In addition, while 4-benzoylpyrazole-3-carboxylic acid 2a could be easily converted by SOCl 2 into the corresponding acid chloride 3a and then amide derivative 4a by the usual chemical procedures (scheme 1), conversion of 2b with only SOCl 2 (also tested with PCl 5 ), and with difficulty and no isolation by impurities due to byproducts, into the corresponding acid chloride 3b may be referred to a p-effect originated from 4-fluorophenyl at C-1 position of 2b. On the other hand, the esterification reaction [21] between carboxylic acid group at C-3 position of 3a and methanol or ethanol in the presence of concentrated sulphuric acid as catalyst (scheme 3) gave easily access to corresponding novel compound 5a and 5b, respectively, in approximately 70-75% yields.
Reaction of many pyrazole derivatives having functionalities such as carboxylic acids, carbonyls, esters and nitriles in the o-positions according to each other with hydrazines may be a convenient method to build the pyrazolo [3,4-d] pyridazine system [9, 39, 40] . On this basis, the 4-benzoylpyrazole-3-carboxylic acid 2a was cyclized with various hydrazine compounds were synthesized novel pyrazole-pyridazine derivatives 6a and 6b, respectively, which are the pyrazolo [3,4-d] pyridazinones, in approximately 65-70% yields (scheme 3).
Conclusions
In this study, we report the synthesis of novel pyrazole and pyrazolo-[3,4-d]-pyridazine derivatives from 4-benzoyl-5-phenyl-2,3-furandione (1) precursor compound. All the compounds have been synthesized using methods known from literature and characterized using appropriate spectroscopic techniques. Each subfamily was prepared in moderate to good yields. Other assays are currently in progress in order to increase our library size and to use the method to develop biologically active compounds.
